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This report summarizes the research carried ou-t under

contract #N-00014-77-C-0225. All of the studies reported here

have been described in previous technical reports or publications.

The purpose of this document is to suMMarize the results and to

provide a reference for specific sources.

BACKGROUND

During the 1970's, a number of psscholoqists began to relate

the ability concepts derived from pschometric testing to the

process concepts developed b'j cognitive ps:choloqists°' In this

laborators, we adapted a number of experimental tasks to 4ield

individual measures of the speed and accurac4 of various cognitive

processes (Hunt, 1978a; Hunt, Frost, & Lunneborg, 1973; Hunt,

Lunneborg, & Lewis, 1975). These measures were correlated with

standardized measures of academic abilit9. Modest correlations

were found between a number of process and abiIlit measures. Most

notabl, a relationship wasjfound between verbal abilit4 and speed

of access to information in long-term memor4° This findinq has

been replicated b4 a number of other investigators (Goldberg,

Schwartz, & Stewart, 1977; Jackson & McClellarnd, 1979; Jackson,

1980; Keating A Bobbitt, 1978). Our work. on the relationship

between cognitive processes and verbal abilit9 is' summarized in

Technical report #1 (Hunt, 1978b).

The major thrust of the effort to relate cognitive and

psuchoMetric measures has beer. to arsalsze complex oschometric

avilities in termi or simpler ano . cer understood cognitive

. . . . . . .- _..- .-~. ..- , -. . ....
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processes. For example, the tjpical psschometric measures of

"verbal ability" combines scores on vocabulari, reading

comprehension, and several other subtests. We wanted to discover

the extent to which speed and accurac4 of various simple

Mechanistic cognitive processes was related to performance on

ability Measures. Such an approach coMpleMents attempts to

anal3ze complex task performance b% breakinq the tasks themselves

into discrete stages (Sternberg, 1980).

ONR Contract #N.-00014-77-C-0225 extended the idea that

individual variation in coMplex cognitive processes could be

explained in terms of variabilit4 in siMple components of those

processes. PreviouslH we had asked whether the speed and acurac3

of siMple processes would predict abilitj scores. In this

research, we asked whether the effort required b% the simple tasks

would predict performance on the more complex tasks, In man4

cases, complex intellectual tasks require that a person do two or

more things at once. For example, Mental arithmetic requires a

person to hold partial results in memor4 while coMputing later

results. If the person's total Mental capacltg is required to

hold partial results in MeMory, then little capacitt will be

available to make further calculations. In this case, neither

speed nor accurac4 of the separate memor.j and computations

processes would be sufficient to predict performance on the

complex mental computation task.. Some measure of the effort

required b4 the component tasks would also be req..Ored.

The idea of 'mental effort' is closel5 related to the notion
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that it is difficult to attend to several th~ings at once. A

conceptuall4 siMple Model of attention as the expenditure of

Mental capacit4 was put forward b5 Moray (1967), and later b5

KahneMan (1973), and extended b5 others (Navon & Gopher, 1979;

NorMan & Bobrow, 1975). According to KahneMan, all Mental

processes draw from a single pool of Mental resources, called

"attentional capacitq-.' Two siMultaneously performed Mental tasks

interfere with one another if their combined attentional demands

exceed the person's total attentional capacit!j. We will refer to

this as the 'general resource Model' of attention. In our

research, we have applied the general resource Model to the field

of individual differences. Suppose that people var4 in their

characteristic level of attentional capacity or in the efficienc9

with which the4 perform specific tasks. To what extent will this

determine their relative performance on various cognitive tasks?

The idea that attentional factors Miqht be a souJrce of

individual differences led us to propose two lines of research.

In the first, we asked whether performance on the two component

tasks performed separatelg would predict perforMance on the same

4 two tasks performed siMultaneouslH, arid further, whether

performance in the dual-task situation would he more highlt

related to complex cognitive ability Measures than performance on

the components. In the second line of research, we tested what we

have called the 'easq-to-hard prediction' h'pothesis. Accordinq

to this hpothesis, performance on a secondarq task. executed

J during the eas5 version of a complex pri.marH tasks should predict
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performance on a harder version of the same primar- task.

SINGLE AND DUAL TASK MEASURES AS PREDICTORS OF VERBAL ABILITY

Two or our first studies of individual differences in

attentional factors developed from an earlier interest in

predicting verbal abilit4. We reasoned that man,4 complex verbal

tasks require that people hold verbal inforMatlon in memor4 while

encoding and Manipulating new information. For e:.aMple, the noun

phrase of a sentence Must be held in MeMorg while the verb is

encoded and processed. Each paragraph of an essa4 must be

interpreted in light of the information retained froM earlier

paragraphs, Thus it seemed that a) both linguistic processing the

verbal short-terM memor4 should be important in predicting verbal

abilitst and b) the abilit4 to carr out both functions

siMultaneousl4 Might be more important than the abilit4 to carrt

them out in isolation.

We tested these hypotheses in two experiments. The4 are

described in Technical Report *2 (LansMan, 1978). In these

experiments, subjects were asked to perform two task.s a rote

recall task and a sentence verification task. In the dual task

conditions, a list of items was presented, and while these items

were being retained in MeMor4, the subject was asked to respond

'true' or 'false' to a series of sentence ver:ification items

+
(e.g., "Plue is above star. * "). Finalli, the memor% items were

recalled. In the sin.le task. conditions, the recall and sentence

4'I
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verification tasks were performed separatel.i. We reasoned that it

sbjects differed either in their total attentional capaciti or in

the efficienc4 with which the9 performed either recall or sentence

verification tasks, then these differences wo..l.d be reflected in

dual but not single task performance. Ir that case, dual and

single task. measu.res would be imperfectl-; correlated, and dual

task measures might be more strorg]j related to coMplex measures

of verbal abilit4.

In fact, single and dual task meas,.,res were qu..,ite highly

correlated, and the patterns of correlations between the two t.pes

of tasks and the criterion abilit. Meas..res were aJMost identical.

The experiments provided no evidence for an attention-related

'time-sharing' factor. Single and dual task. measures were equall5

accurate in predicting verbal abilits.

These studies indicated that a dual task. combining rote

memor5 and linguistic processing does not improve prediction of

verbal abilit. over that provided b% sIngle task measires, There

are several studies in the literature in which sub.iects were asked

to perform a number of tasks both separatel. and in combination

(e.g., Jennings 8 Chiles, 1977; Sverko, 1977). These studies were

motivated b'. -.,e hpothesis that there is a general abilitq to do

two th3ngs at once and that this abilit9. sh(.gld Manifest itself in

d..al task. performance, In fact, ro general tiMe-sharinq factor

emerged in the analssis of the correlations am.ri, dial arid sinqle

task. Measures. Thjs, our results were c()rsistPt with a number of

other st,..idies ira suggestin that there ii, ro ('.ereral tiMe-sharing
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factor, and that in man5 cases dual-task performance is quite well

predicted bq performance of component tasks.

A recent studv b4 DaneMan and Carpenter (1980) calls this

conclusion into question. In their studs, meMor%3 and verbal

processing tasks were combined in a sliqhtl5 different wa4:

Subjects were asked to reMeMber the final word in each of a series

of sentences that theq were reading for comprehension. Thus, in

their dual task, memorg and verbal processing tasks were

integrated. DaneMan arid Carpenter found a ver high correlation

between accurac3 of recall arid reading abilit4. In contrast, we

and others (LansMan, 1978' Palmer, MacLeod, Hunt, 9 Davidson, Note

1 Perfetti & Lesgold, 1977) have found virtuallq no relationship

between rote memorj and verbal abilit4 in the college population.

If the DaneMan and Carpenter finding proves replicable, it

suggests that verbal abilitj, or at least reading abilitq, is

related to the abilitq to combine Memor4 and verbal processing,

b,.it that the relationship is only evident when the memory and

processing components are closelq integrated. As the DaneMan and

Carpenter studs used a veri small sample of highly selected

people, replication of their results is clearl1 in order.

FOCUSED AND DIVIDED ATTETION

In the research discussed so far, 'tiMe-sharing' has been

used to refer to a subject's abilit4 to dividhe attention between

two competing tasks. Time-sharing abilitq ma4 alsj refer to the
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abilit4 to divide attention between two competing channels of

information. We investigated this ability using dichotic

listening and visual search tasks. If there is an abilitq to

divide attention between two sources of information, then we would

expect performance in a single channel condition to be an

imperfect predictor of performance in a divided attention

conditions. We might also expect the abilit4 to divide attention

between the two ears to be related to the abiliit9 to divide

attention between two visual locations. Our research on the

abilit4 to divide attention between two channels of information

described in Technical Report #9 (Poltrock, LansMarn, & Hunt,

1980).

In a large studs of individual differences is- the abilit1 to

divide and focus attention, we asked subjects to perform both

dichotic listening and visual search tasks. In both cases, theq

were asked to press a ke% when the5 heard or saw one of a set of

target letters. For each modalitq, there were three conditions'

single channel (letters were presented to a single ear or at a

single location), focused attention (letters were presented at two

locations, but all targets occurred in a single location), and

divided attention (targets could occur at either of two

locations). The dependent measures were reacl-ior, time and

acci..iracvj in detecting target letters. Aithrouih reaction times

wpre considerabl4 slower arid responses less acurrte in focused

and divided than in the single channel cndition, perforMance in

the three conditions was ver4 highl5 correlato.'d within odlit4.
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In other words, performance in the single channel condition

predicted perforMance in the other two conditiorns almost

perfectls. The LISREL program for analssis of covariance

structures was used to fit several Models to the data. A Model

containing one factor for reaction times to auditors stimuli and a

second factor for reaction times to visual stimuli provided a ver%

good fit. The visual and auditors factors were correlated with

each other (r = .61), No separate factors corresponding to the

ability to divide or focus attention were required to explain the

data.

In suMMary, the conclusions drawn from the stud4 of divided

and focused attention were similar to the conclusions drawn from

the studg of tiMe-sharing between competing tasks: There was no

evidence that the ability to divide attention between two tasks

was an important source of individual differences in performance.

In both cases, performance in the single channel or single task.

condition predicted performance in the divided attention or dual

task situation almost perfectl4.

In developing the dichotic listeninq task, it was possible to

sti.id5 an issue which, though not directl5 concerned with

individual differences, has some interestinq i.Mplications for

attentional theorys Previous studies coMparir'g single channel and

divided attention conditions in the auditors Modal it5j had coMMon',

used what Schneider and Shiffrin (1977) have called 'consistent

mpping conditions,' which minimize demands cm. attentional

capacits. Throughout these experiMents, one set ot stiMuli were

... , Aid.
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designated as targets and another set as distractors. It had been

found that accuracy is about equal in single-channel and divided

attention conditions as long as two stimuli do riot occur

siMultaneousl. on the two channels. (See, for exaMple, Ostr4,

Morat, & Marks, 1976.) We wondered whether this finding was

related to the reduced attentional demands of the consistent

Mapping condition. Accordingly, we had subjects perform the

dichotic listening task under both consistent and varied mappirng

conditions. The consistent-varied distinction proved to be as

important in auditory target detection as Schneider arid Shiffrin

had shown it to be in visual search. Reaction time was Much

faster and accuracy higher under consistent mapping conditions.

Furthermore, there was a much smaller memory set size effect under

consistent Mapping conditions, and this effect decreased over

practice. These results are reported in More det.ii in lechnical

Report #9 (Poltrock, LansMan, & Hunt, 1980), arid also in a report

that is in publication (Foltrock, LansMan, & Hunt, in press).

EASY-TO-HARD PREDICTION

A Major part of our research on this contract has concerned

what we have called 'easv-to-hard prediction." Like the research

described above, this technique involves exaMination of individual

differences in dual-task performance, However, the rationale is

stMewhat different. When two tasks are performed simultaneously,

the4 compete for attentional capacity. If one of the tasks is

designated as 'priMar4' and the other as 'secondary,' then the

No .
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priMary task. should receive top priorit. in the allocation or

resources, and the secondar. task should receive what is left.

Secondar5 task. performance should therefore reflect spare capacity

available during performance of the priMar4 task., We reasoned

that spare capacity available during performance of an eas5

primar4 task shot-old be available for performance of a harder

version of the same priMar. task. Thus performance on a secondar.

task during an easH priMar5 task should predict perforMance on a

harder version of the same primary task -- the 'eas.5-to-hard

prediction. '

The rationale behind the easy-to-hard prediction technique is

derived more forMally in Technical Report #8 (Hunt & LansMan,

1980). A revised version of this report is also to be published

in a book edited b5 R. Sternberg (Hunt 8 LansMan, in press). In

that paper, we assumed that performance on anm task is a function

of two individual parameters: a structural parameter specific to

that particular task, and a resource parameter reflecting the

amount of general atter'tional resources available to the task.. We

showed that performance of the secondar-i task di, rinq the eas4

priMarj would provide inforMation concerning the resource

poraMeter that was unavailable from single task performance,

Since the derivation was done in terms of classic inforMation

theor-, it made no assumptions concerning the form of the

relationship between performance and resorce avaiiabie.

The easq-to-hard prediction techniql.ue ha, beer'1 tested in

several experiments, which are described ir, 'c'hr'ir'l Reports 02
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(LansMan, 1978), #4 (Hunt, LansMan, A Wright, 1979)t and #7

(LansMan & Hunt, 1980). In several of these experiments, the

priMary task was a continuous paired associate learning task in

which subjects were asked to keep track of two to seven

letter-number pairs, while the secondary task required subjects to

respond as quickly as possible to a siMple probe stimulus.

Reaction time to probes that occurred during an easy version of

the paired associate primary task predicted performance on a

harder version of the paired associate task. In amnother

experiment the primary task was a spatial memorg task. in which

subjects were asked to judge whether a spatial pattern was

identical to a standard pattern and the secondary task again

involved response to a probe stimulus. In this experiment,

reaction time to the secondary probes did not significantly

improve prediction of performance on the hard version of the

priMarv task, The differences between the paired associate and

the spatial memorj tasks seemed to be that resource availability

was the liMiting factor in perforMance of the paired associate but

not the spatial memorV task.

The easy-to-hard technique was also used in art experiment

involving a slightly different paradigm, described more fullV in

Technical Reports 04 (Hunt, LansMan, & Wright, 1979) and #8 (Hunt,

1979)# (Report #8 has also been published in the British Journal

of Psichology (Hunt, 1981)). In this case, the priMary task was

the Raven Progressive Matrix Test and the secondary task required

subjects to exert a constant pressure on a lever. On the Raven

b

-~ -' -i-
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Test, each item is more difficult than the previous iteM.

PerforMance on the secondar 3 task during any given Raven item was

found to provide information concerning which subjects were about

to Make a Mistake on the succeeding iteM. Interpreted within the

general resource theory, the results showed that those subjects

whose total capacity was required by one problem (producing poor

performance on the secondary task) were likely to fail to solve

the succeeding, more difficult probleM.

In earlier sections of this paper, we reported several

experiments in which performance in dual-task conditions was very

acc'urately predicted b! performance in single task conditions.

Here we are arguing that performance of a simple secondary task

does indeed provide information unavailable from performance of

the single-task counterpart. How can this contradiction be

resolved? The issue is discussed in Technical Report #8 (Hunt 8

LansMan, 1980). PerforMance on Most coMplex tasks reflects both

structural paraMeters and resource limitations, whether the tasks

are performed in single or dual-task conditions. If this is the

case, then we would expect single and dual task. performance to be

highly correlated since they both reflect the same underlying

parameters. However, some simple tasks, such as response to a

single probe stimulus, are 'data-liMited' under single task.

conditions. That is, performance of these tasks would not be

iMproved if additional resources were allocated to theM. However,

under dual-task conditions, these same tasks become

resource-limitedl PerforMance is inverselv related to the amount
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of resources drawn off bd the primar4 task. In this case,

performance in the single-task conditions reflects onlq structural

parameters specific to the task, while secondar4 task performance

reflects both structural and resource parameters. The result is

that single and dual task performance are not highly correlated.

Dual task performance provides information concerning resources

available during the priMar4 task. This inforMation can be used

to predict performance on a harder version of the same primar4

task.

A THEORY OF ATTENTION

The theoretical basis of the eas4-to-hard technique was a

simple theory of attention, in which all Mental processes were

seen as drawing uponi a general attentional resource. The strength

of such a theory lies in its siMplicits and abilit4 to suMMarize a

vast amount of data on dual-task interference. Its weakness is

the fact that 'attentional capacity" is a stTictl1 hypothetical

construct, and is not tied to an4 other phsiological or even

theoretical entit4. IMplicit in the general resource theorV is an

analog4 between attentional resources and phsical energ5 sources

such as electricit4 or water power. &ut while enerq4 resources

are well-defined within theories of phssics, attentional resources

are defined only b5 .nalog9.

Doring the contract period, we have devpioped a more explicit

Model of attentio*n, called the Production Activation Model. The

theor4 is described in, detail in a paper 04 Hint (in press). it

* - * -. * l
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is closel5 related to Models of thinking developed in the fields

of cognitive science and artificial intelligence. However, the

Production Activation Model goes besond these theories in that it

deals with the problem of how the organism handles competing

stimuli+ Within the Model, Mental activit5 consists of the

execution of a series of productions, These productions are

stored in long-terM memors. It is the function of a decision

Mechanism to determine the order in which the productions will be

executed. At an4 given MoMent, the external world and the

contents of short-terM MeMor4 form a stiMu1Ls configuration. This

configuration activates a number of productions. Which production

will actually be executed depends upon two things: a) the Match

of the stimulus configuration to the pattern specified b5s the

production, and b) the baseline activation level of each of the

productions. The baseline activation level of a production is

strongly influenced b% the productions that have preceded it. The

execution of one production biases the systeM toward the execution

of certain other productions in such a wa4 that a well-practiced

task. consists of a chain of productions that is usuall' executed

as an unbroken sequence. Within this Model, structural

interference results from competition for one of the effectors

involved in the execution of productions. Central interference

results from competition for access to the decision MechanisM.

Within the Production Activation Model, the decision

MechaniiM fills the role that 'general attentional capacits

filled in the General Resource Model. Both re strictly

.q
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theoretical concepts. The difference is that the function of the

decision MechanisM is more fullt specified within the Production

Activation Model. The Model thus allows us to formulate more

specific questions concerning dual task interference. These

questions concern the role of practice, task priorits, expectancy,

and several other variables. Our new contract,

#N-00014-80-C-0631, was formulated within the fraMework provided

b4 the Production Activation Model# Under this contract, we have

proposed two Main lines of research. We will a) develop a

computer simulation of the Production Activation Model, and b)

eMpiricall4 investigate some the the questions raised bg the

Model. The empirical investigation will provide data against

which to test the computer simulation.
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Reference Note

Palmer, J.C., MacLeod, C.M., Hunt# E., &Davidsorn, J.E. Is visual

information processing related to reading? Unpu-blished paper.
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